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Recently, it has been shown that IK1 and SK3 channels are localized to different subcellular compartments in ECs. IK1 channels are present in endothelial projections, which go through internal elastic lamina and electrically couple with smooth muscle cells via myoendothelial gap junctions (7, 12, 23) . Local Ca 2ϩ transients in the projections activate IK1 channels, the activation of which in turn directly influences the membrane potential of neighboring smooth muscle cells (17) . SK3 channels, on the other hand, are localized to caveolae, specialized membrane structure that can either be free in the cytosol or attached to the plasma membrane. Endothelial caveolae form the majority of intracellular vesicles and contain receptors and ion channels that, when fused to the plasma membrane, create signaling microenvironments that are crucial for many endothelial functions (8) .
The localization of SK3 channels in caveolae suggests a dynamic process by which removal or incorporation of SK3 channels could regulate endothelial function. We therefore investigated whether trafficking of these channels modulates channel activity in ECs acutely isolated from mouse aorta. With the use of blockers of exocytosis and endocytosis, and caveolar disruption, the results show that SK3 channels undergo caveolae-mediate membrane cycling, while IK1 channels do not cycle. SK3 channel endocytosis is dependent on the GTPase activity of dynamin, and exocytosis is sensitive to the exocytosis blocker N-ethylmaleimide (NEM). Caveolar trafficking significantly alters SK3 channel activity, trafficking, and surface expression, as well as its total plasma membrane surface area of ECs. The combination of SK3 channel trafficking, activity, and surface expression modulates endothelial membrane potential and may play important roles in finetuning Ca 2ϩ signaling and vascular tone.
METHODS
Cell isolation. All procedures were performed in accordance with the animal use protocols approved by the Institutional Animal Care and Use Committee of Oregon Health and Science University. The methods for tissue harvesting and EC isolation were similar to previous studies (18, 30) . Briefly, adult C57BL/6J mice were anesthetized with isoflurane and decapitated, followed by perfusion of ice-cold Ca 2ϩ free solution containing (in mM): 55 NaCl, 80 Na ϩ glutamate, 5.9 KCl, 2 MgCl2, 10 glucose, and 10 HEPES (pH 7.3). Aortic vessels were carefully dissected, cleaned, and then filled with enzymatic solution for 40 min at 37°C in the aforementioned solution with 100 M Ca 2ϩ , 4 mg/ml protease from B. licheniformais, and 1 mg/ml hyaluronidase. Elastase (0.1 mg/ml) was included for the final 10 min of incubation. The vessels were washed several times with ice-cold Ca 2ϩ free solution, cut into small pieces, and gently triturated. Isolated cells were kept in the ice-cold solution, and single ECs were used for recording within 7 h.
Electrophysiology. Whole cell patch-clamp recordings were performed on isolated ECs using an EPC-9 amplifier (HEKA Instruments, Bellmore, NY) and ITC-16 (HEKA), and data were acquired using Pulse software (HEKA). Whole cell currents were evoked in voltage-clamp mode by applying a voltage ramp (Ϫ80 to ϩ50 mV; 200 ms), followed by a voltage step (ϩ20 mV; 200 ms). Membrane capacitance was taken as the whole cell capacitance that was automatically electronically compensated before each series or calculated from hyperpolarizing voltage step from ϩ20 to Ϫ60 mV. The membrane capacitance was used as a measure of surface area of the cell. Acquisitions were sampled at 2 kHz and filtered at 1 kHz. Patch pipettes (3-5 M⍀) were filled with different pipette solutions depending on the specific experimental requirements (see Chemicals and solutions). Series resistance was not compensated due to the small amplitude of the recorded currents. In another set of experiments, membrane potential was measured in current-clamp mode using perforated patch without bias current injection.
Chemicals Data and analysis. Data were analyzed and plotted in IgorPro (WaveMetric). Binning data at 0.5-min intervals generated summary plots. Data are expressed as means Ϯ SE. Paired two sample t-tests were used to determine significance of data from the same cell, and ANOVA with Dunnett's post hoc tests were used to determine significance between groups of data; P Ͻ 0.05 was considered significant.
RESULTS

Whole cell recording of IK1 and SK3 currents from aortic
ECs. Acutely dispersed mouse aorta preparations contained both ECs and smooth muscle cells. ECs were visually identified by their characteristic phase contrast, rough outline, and appearance. Consistent with the results from previous studies (16) , murine aortic ECs do not express large-conductance BK channels and currents recorded from visually identified ECs were not sensitive to the BK channel blocker 100 nM iberiotoxin or 500 nM paxilline (n ϭ 9; not shown). Endothelial whole cell currents were elicited in the presence of 3 M internal Ca 2ϩ to activate SK3 and IK1 channels using a voltage-clamp protocol, delivered every 15 s, that consisted of two segments: a 200-ms voltage ramp from Ϫ80 to ϩ50 mV followed by a 200-ms voltage step to ϩ20 mV to measure steady-state currents (Fig. 1A) . Membrane capacitance, plotted against time of recordings, was stable throughout the experiment under control conditions ( Fig. 1B , top; 5.9 Ϯ 7%; n ϭ 7; P ϭ 0.23). Steady-state whole cell currents recorded at ϩ20 mV, normalized to membrane capacitance to obtain current density, were plotted against the time of recordings (Fig. 1B,  bottom) . Bath application of tram-34 {1-[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole; 1 M}, a selective blocker for IK1 channels (32), decreased the current density by 43%. Subsequent application of apamin (300 nM), a selective SK1-3 channel blocker (20, 28) , further decreased the current density by an additional 48% (Fig. 1 , B and C). It has been shown that these ECs only express SK3, not SK1 or SK2, channels and the residual current was Ͻ10% of the total current. Therefore, IK1 and SK3 channel activities are the predominant ion channels contributing approximately equally to endothelial whole cell currents (IK1 ϭ 40 Ϯ 3%, SK3 ϭ 43 Ϯ 5%; n ϭ 7; Fig. 1 
, D and E).
Current recovery from SK3 and IK1 channel blockers. To study SK3 or IK1 channels separately, SK3 channel currents were examined in the presence of tram-34 (1 M) to block IK1 channels, while IK1 channel currents were recorded in the presence of apamin (300 nM) to block SK3 channels. In both cases, membrane capacitance and current density remained stable throughout the recordings (Fig. 2, A and D) . Brief application of apamin (300 nM, 3 min) effectively reduced SK3 current density; however, it recovered following apamin washout from the recording chamber (80 Ϯ 15%, n ϭ 10; Fig.  2 , B and C). Since apamin is an effectively irreversible blocker and the membrane capacitance does not change, the results suggest the recovery from apamin block reflects newly trafficked unblocked SK3 channels on the plasma membrane (19, 27) . In contrast, IK1 channel activity failed to recover from tram-34 block (5.2 Ϯ 8%, n ϭ 9; Fig. 2 , E and F). Similar results were observed with two other unrelated IK1 channel blockers, clotrimazole (10 M) and charybdotoxin (100 nM). Recovery from these IK1 channel blockers was absent, suggesting that IK1 channels do not traffic over a time course of minutes.
Blocking exocytosis blocks SK3 current density recovery. To test whether SK3 current recovery from apamin block reflects exocytosis of unblocked channels, the experiment was repeated while exocytosis was inhibited with NEM to block N-ethylmaleimide-sensitive fusion protein, an activity that is required for vesicular fusion with the plasma membrane (33) . When NEM (1 mM) was included in the patch pipette solution and dialyzed into the cell, membrane capacitance slowly decreased over time ( Fig. 3A , top; Ϫ20 Ϯ 8%; n ϭ 9; P ϭ 0.023), reflecting continual endocytosis of plasma membrane. Whole cell SK3 current density, measured in the presence of tram-34 to inhibit IK1, showed a rapid reduction at ϳ2-4 min after whole cell formation that tapered off with time, resulting in reduced current density (Fig. 3A , bottom, between time points 1 and 2; Ϫ29 Ϯ 11%, P ϭ 0.013). Since both membrane capacitance and SK3 current density decreased, the reduction in nonnormalized SK3 channel current is actually much greater (Ϫ36 Ϯ 15%).
Subsequent apamin application significantly reduced SK3 current density. However, with exocytosis blocked, washout of apamin from the recording chamber did not result in SK3 current recovery (7 Ϯ 10%; Fig. 3, A and C) . Thus blocking exocytosis resulted in decreased SK3 channel surface expression over time and abolished SK3 channel recovery from apamin block, suggesting that recovery reflects SK3 channel exocytosis.
SK3 current density recovers in the presence of endocytosis blocker. The results presented above suggest that endothelial SK3 channels may undergo dynamic cycling. This predicts that blocking endocytosis while exocytosis is intact will increase membrane capacitance and allow SK3 current density recovery from apamin block. Therefore, endocytosis was blocked by bath applying dynasore, a membrane permeable dynamin inhibitor that blocks dynamin's GTPase activity and interferes with the scission of vesicles from plasma membrane (31) . Dynasore (50 M) was added after stable baseline recording, ϳ4 min after whole cell formation. Contrary to blocking exocytosis, blocking endocytosis resulted in a significant increase in cell capacitance ( Fig. 3B, top; 36 Ϯ 17%; n ϭ 10; P Ͻ 0.01) and greater SK3 current density (Fig. 3B , bottom, between time points 1 and 2; ϩ35 Ϯ 14%; P Ͻ 0.01), suggesting that when endocytosis is blocked, exocytosis continuously deposits SK3 channels on the plasma membrane from vesicles containing high SK3 channel density. In fact, the increased SK3 current density was a result of a substantial increase in raw SK3 current by 78 Ϯ 19%, which outweighed the increased capacitance used for normalization.
Brief apamin application reduced the current density by 92%. However, in contrast to blocking exocytosis, washout of apamin showed a gradual recovery of current density, consistent with the addition of unblocked SK3 channels to the endothelial plasma membrane (Fig. 3, B and C) . Comparable results were obtained from cells loaded with the less selective GTPase blocker GDP␤S (400 M; n ϭ 7, not shown). Taken together, the results suggest that endothelial SK3 channels undergo dynamic cycling.
IK1 channels do not cycle. The results presented in Fig. 2 , E and F, suggest that unlike SK3 channels, endothelial IK1 channels may not undergo dynamic cycling. Therefore, the effects of NEM and dynasore on endothelial IK1 currents were examined in the presence of apamin (300 nM) to block SK3 channels throughout the experiments. Membrane capacitance recordings from cells loaded with NEM (1 mM) showed a gradual and significant decrease compared with non-NEM dialyzed control (Fig. 4 , A, top, and C; Ϫ18 Ϯ 7%, n ϭ 9, P ϭ 0.04), reflecting ongoing vesicular endocytosis. Consequently, IK1 current density gradually increased (Fig. 4A, bottom; between time points 1 and 2, ϩ14 Ϯ 6%; P ϭ 0.04), in contrast 
top).
Time 0 indicates whole cell formation. Capacitance was measured from the hyperpolarizing steps from ϩ20 to Ϫ60 mV. Whole cell current density plotted against the time of recording (bottom). Current density was calculated from the steady-state currents recordings at ϩ20 mV, normalized to the membrane capacitance. Numbers on the plot correspond to the representative voltageramp current density traces in C. C: representative whole cell current density elicited by Ϫ80 to ϩ50 mV voltage-ramp. D: IK1 and SK3 current densities isolated from digital subtraction of the traces in C. E: normalized contribution of IK1 and SK3 currents to the whole cell currents.
to the decrease observed for SK3 current density shown in Fig. 3 .
Blocking endocytosis with dynasore induced a significant increase in membrane capacitance (Fig. 4, B , top, and C; 34 Ϯ 15%; n ϭ 6; P ϭ 0.004), reflecting ongoing vesicular exocytosis, and this was accompanied by reduced IK1 current density ( Fig. 4B, bottom; between time points 1 and 2, Ϫ16 Ϯ 7%; P ϭ 0.04). Importantly, IK1 current density did not recover following washout of tram-34 from the bath when exocytosis or endocytosis was blocked (Fig. 4D) . These results together show that IK1 channels do not undergo dynamic cycling and changes in IK1 current density most likely reflect changes in membrane area. Indeed, the absolute IK1 current, not normalized by capacitance, did not change with NEM or dynasore (control: 104 Ϯ 4%; NEM: 109 Ϯ 7%; dynasore: 98 Ϯ 9%; P ϭ 0.25).
Methyl-␤-cyclodextrin abolishes SK3 current density recovery.
The plasma membrane of ECs is covered with caveolae, major trafficking vesicles required for some endothelial functions (29) . Moreover, endothelial SK3 channels are localized to caveolae and they interact with caveolin-1, the major structural component of caveolae (8) . The maintenance of caveolar structure requires the presence of membrane cholesterol and exposure to methyl-␤-cyclodextrin (M␤CD) to remove cholesterol destroys caveolae (1). Therefore, we tested whether disrupting caveolae abolishes endothelial SK3 channel trafficking by incubating ECs in M␤CD (1 mM; 40 min at room temperature). The membrane capacitance of M␤CD-treated cells, which was also stable with time (normalized change: 2.3 Ϯ 4.3%), was similar to non-M␤CD-treated cells ( Fig. 5A ; M␤CD: 5.8 Ϯ 1.0 pF, n ϭ 7; control: 7.0 Ϯ 1.1 pF, n ϭ 10; P ϭ 0.56). Importantly, in the presence of M␤CD recovery from apamin block was absent (Fig. 5, A and D) . Averages are shown in Fig. 6D ; cells in M␤CD showed significantly smaller SK3 current density (41 Ϯ 7%; n ϭ 7; P ϭ 0.001), and they did not recover from apamin block (6 Ϯ 9%; n ϭ 7).
Recordings were also obtained from cells incubated in M␤CD with either NEM (1 mM) in the pipette solution (Fig.  5B) or dynasore (50 M) in the bath (Fig. 5C ) to block exocytosis and endocytosis, respectively. Similar to the results from cells treated with M␤CD alone, SK3 current density was significantly smaller than that of control cells not treated with M␤CD ( Fig. 5D ; NEM: 45 Ϯ 7%, n ϭ 6, P ϭ 0.01; dynasore: 37 Ϯ 5%, n ϭ 6, P ϭ 0.003). Moreover, addition of NEM or dynasore to modify vesicular trafficking did not engender recovery from apamin block following M␤CD treatment (NEM: 3.0 Ϯ 11%; dynasore: 3.8 Ϯ 10%). These results indicate that M␤CD disrupts caveolae, the predominant vesicular trafficking in ECs, required for SK3 channel trafficking and recovery from apamin block.
Acetylcholine induces SK3 channel trafficking. Acetylcholine (Ach) is a major transmitter in the autonomic nervous system and at the neuromuscular junction. In endotheliumdenuded vessels, Ach activates smooth muscle M 3 -type receptors to cause Ca 2ϩ influx and constriction. However, in the presence of intact endothelium activation of endothelial Ach receptors, leading to Ca 2ϩ influx and SK channel activation, results in vessel relaxation that is attributable to the activation of endothelium-dependent vasoactive pathways (5) . To study the effects of SK3 channel trafficking on ECs membrane potential, whole cell perforated patch-clamp recordings were performed on isolated ECs in current-clamp mode under conditions in which intracellular Ca 2ϩ was not perturbed nor buffered (see METHODS). This recording method is different from the conventional whole cell voltage-clamp recordings shown in Figs. 1-6 , in which the cells were dialyzed with 3 M [Ca 2ϩ ] i . In control conditions, the resting membrane potential of ECs averaged Ϫ37 Ϯ 2 mV (n ϭ 9), and blocking SK3 channels with apamin (300 nM) caused membrane depolarization by 8.4 Ϯ 2.3 mV ( Fig. 6A ; P ϭ 0.01), indicating the presence of basal SK3 current that contributes to the resting potential. Under these conditions with basal [Ca 2ϩ ] i , apamin washout did not repolarize membrane potential back to the control baseline. Moreover, subsequent apamin application did not cause further depolarization, suggesting the absence of SK3 channel trafficking in perforated recording conditions (Fig. 6A) . However, brief application of Ach (1 M) to increase [Ca 2ϩ ] i reversed the apamin-induced membrane depolarization and caused a 9.9 Ϯ 3.0 mV repolarization from the membrane potential measured in the presence of apamin (Fig. 6B; P ϭ 0.0015). Following washout of Ach, apamin again depolarized the membrane potential by 9.6 Ϯ 2.7 mV (P ϭ 0.01). It is interesting that following apamin block Ach did not significantly hyperpolarize membrane potential below the control resting membrane potential. This suggests that Ach induced SK3 cycling that maintained the surface SK3 channel density.
Membrane potential recorded from cells incubated in M␤CD to disrupt caveolae (1 mM, 40 min, 22°C) were more depolarized compared with control ( Fig. 6C ; Ϫ26 Ϯ 3 mV; n ϭ 5; P ϭ 0.023). Under these conditions, apamin-induced membrane depolarization was significantly reduced (3.8 Ϯ 3 mV; n ϭ 5), and Ach did not repolarize the membrane potential. In addition, subsequent apamin application did not cause further membrane depolarization. Fig. 7; top) , while test cells were dialyzed with 5 mM BAPTA via the patch pipette (Fig. 7, bottom) . Similar to the results shown in Fig. 3 , in control cells application of 50 M dynasore to block endocytosis caused a significant increase in membrane capacitance (29.7 Ϯ 6.2%; n ϭ 5; P ϭ 0.02). Subsequent application of 1 M Ach further increased the capacitance by 21.1 Ϯ 3.7% (P ϭ 0.048). However, membrane accumulation induced by blocking dyamin (membrane accumulates when dynamin is blocked so accumulation is not dynamin dependent) was abolished when the cells were dialyzed with 5 mM BAPTA to chelate [Ca 2ϩ ] i (Fig. 7, bottom) ; neither application of dynasore (Ϫ2.5 Ϯ 5.6%; n ϭ 8) nor Ach (2.3 Ϯ 1.9%) increased membrane capacitance. Together, these results demonstrate that endothelial caveolar trafficking is dependent on [Ca 2ϩ ] i .
DISCUSSION
Pharmacological studies and studies from transgenic animal models have shown that vascular endothelial IK1 and SK3 channels play important roles in modulation of [Ca 2ϩ ] i and endothelium-dependent vasoregulation of vascular tone (15) . While IK1 and SK3 channels, both members of the Kcnn gene family that share the same Ca 2ϩ -gating mechanism (13), are structurally and functionally similar, their different subcellular localization and Ca 2ϩ sources in ECs may be important for their distinct contributions to vascular function. To further distinguish between these two Ca 2ϩ -activated K ϩ channels, we show that in acutely isolated aortic ECs SK3 channels undergo Ca 2ϩ -and caveolae-dependent trafficking, while IK1 channels do not cycle.
While roles of SK channels in aorta are not well established, previous immunohistochemical studies showed that in resistance vessels IK1 resides in the long protrusions of ECs that penetrate the internal elastic lamina into the smooth muscle cell layers. These endothelial projections form direct electrical coupling with smooth muscle cells via myoendothelial gap junctions. Thus IK1 channel activity may directly influence smooth muscle membrane potential (17) . On the other hand, SK3 channels not only coimmunoprecipitate with caveolin-1 but are also localized on the apical side of ECs that is farther away from the smooth muscle compared with IK1 (1). Their activity may directly (via electrical coupling) or indirectly hyperpolarize smooth myocytes via second messengers such as NO and epoxyeicosatrienoic acids. The findings reported here present a further distinction; SK3, but not IK1, channels undergo cycling upon Ca 2ϩ -dependent caveloar trafficking. Disrupting caveolae abolishes SK3 channel trafficking and affects its contribution to EC membrane potential.
Caveolae are specialized vesicles that serve a hub for the assembly of signaling complexes, such as Ach receptors, mechanosensitive receptors, transient receptor potential channels, and nitric oxide synthase that are important for endothelial function (8) . Caveolae are mobile and are capable of redistributing these signaling complexes, thereby regulating their downstream consequences. By using dynasore and GDP␤S, we have demonstrated that the endocytosis of caveolae and SK3 channels is dependent on dynamin's GTPase activity. Furthermore, caveolar, but not clathrincoated, structures are disrupted by M␤CD, which chelates membrane cholesterol molecules that anchor caveolin-1 proteins (21) . Caveolin-1 is the main structural component of caveolae and is required for caveolar biogenesis, structure, and function (24) . In this regard, SK3 coimmunopre- cipitates with caveolin-1 (1) and we now show that disrupting caveolar structure abolishes SK3 channel trafficking (Fig. 5) . Surprisingly, disrupting caveolae results in a significant reduction of the SK3 current density, whereas IK1 current density remains unchanged. Together they suggest that M␤CD either selectively removes specialized plasma membrane portion containing SK3 channels or causes SK3 channel redistribution (25) .
Our findings on SK3 channel trafficking are consistent with previous studies that showed trafficking of SK3 channels in cultured EC lines derived from human microvessels and heterologous expression systems. Gao et al. (10) showed that SK3 channels undergo membrane recycling and intracellular vesicles containing SK3 channels also express the recycling endosomal markers Rab35 and RME-1. On the other hand, IK1 channels undergo only slow internalization and degradation; intracellular pools of IK1 channels colocalize with lysosomes containing Rab7 and ESCRT (2, 3) . These biochemical studies overlooked SK channel trafficking on the time scale of 2-12 h. Under our electrophysiological recording conditions on the time scale of Ͻ30 min, IK1 channels do not traffic. This discrepancy might be attributable to differences in the time scale of experiments performed or ECs that are 1) acutely isolated or cultured, and/or 2) from aortas or microvessels.
The exact mechanism underlying caveolar trafficking is still not fully understood and remains controversial (11) . The present results show that, at least in the case of SK3 channels, endocytosis depends on GTPase activity while exocytosis is NEM sensitive. However, both G proteins and NEM may affect numerous signaling pathways. Consequently, our electrophysiological assays on channel activity and current recovery from blockers may be affected. Identifying the molecular components underlying caveolar and/or SK channel cycling is important to revealing their functions. The different effects of blocking vesicular cycling on IK1 and SK3 current density highlight the distinct subcellular distributions of IK1 and SK3 channels. Blocking exocytosis with NEM decreased the total membrane surface area as shown by the decreased membrane capacitance. However, while membrane was lost, IK1 current density increased. Since the total IK1 current did not change, this shows that the membrane undergoing endocytosis selectively lacks IK1 channels. Conversely, when exocytosis was blocked, membrane capacitance and SK3 current density both decreased. These results are consistent with the changes in membrane surface area being mediated by caveolar trafficking that selectively include SK3 and exclude IK1 channels. Similar conclusions apply to the results obtained when endocytosis was blocked; IK1 current density decreased, reflecting the constant number of channels present in an expanding membrane, while SK3 current density increased, consistent with additional SK3 channels being inserted as the membrane expands. Taken together, the result show that the relative contributions of IK1 and SK3 channels are subject to different modulation via membrane trafficking and subcellular localization.
Conflicting results from previous studies (5, 26) reported both Ca 2ϩ dependence and independence of caveolar-mediated trafficking of transient receptor potential channels. Nevertheless, it was demonstrated that endothelial caveolar trafficking can be induced through (e.g., Ach) receptor activation (22) . Our results show that dialyzing ECs with 3 M free [Ca 2ϩ ] i not only activated both IK1 and SK3 channels, it also induced SK3 channel trafficking, evidenced by the current recovery from apamin washout (Figs. 2-4) . On the other hand, with the use of perforated patch recording of membrane potential, apamin-induced membrane depolarization is irreversible following apamin washout under conditions that do not increase [Ca 2ϩ ] i (Fig. 6A ). However, a brief application of Ach, which increases [Ca 2ϩ ] i , activated caveolar trafficking and reversed apamin-induced membrane depolarization (Fig. 6B) . The differences between perforated and whole cell patch recordings suggest a differential role for Ca 2ϩ regulation between caveolae trafficking and SK3 and IK1 channel activation. This may reflect the difference in Ca 2ϩ sensitivity or Ca 2ϩ source: the basal [Ca 2ϩ ] i , sufficient to endow basal SK channel activity, is not sufficient to activate caveolae trafficking. Our BAPTA experiments further confirm that Ach-induced caveolar-mediated membrane cycling is Ca 2ϩ dependent, because cells dialyzed with 5 mM BAPTA did not show Ach-induced membrane cycling.
Furthermore, others have suggested that NO plays a more prominent role in large conduit arteries, such as aortas. Since endothelial nitric oxide synthase activation requires Ca 2ϩ , the activation of SK channels that hyperpolarizes endothelial membrane potential may provide a feedforward loop to further increase [Ca 2ϩ ] i via capacitative Ca 2ϩ entry. The regulated trafficking of SK3 channels may additionally modulate cytosolic Ca 2ϩ levels by acting as either feedforward (increase in surface SK3 channels) or feedback (decrease in surface SK3 channels) loop with NO production.
In conclusion, murine aortic ECs express two members of the SK channel family, IK1 and SK3. Selective subcellular localization and differential association with caveolae engender distinct functions that likely influence NO and EDHF pathways and vessel tone. In light of this, SK3 channel activity is modulated not only by changes in [Ca 2ϩ ] i to directly activate the channels but also by dynamic surface expression via Ca 2ϩ -dependent caveolar trafficking. On the other hand, IK1 channel expression remains constant and the relative contribution of IK1 channels is only secondarily affected by the change in membrane surface area and thus current density. Depending on metabolic conditions, SK3 channel trafficking may modulate the number of SK3 channels on the endothelial plasma membrane and affect endothelium-mediated responses. Their trafficking may also act as autonomic regulator for regional blood flow and pressure. Thus fine-tuning SK3 channel activity, trafficking, and surface expression may endow ECs the capability to fine-tune vascular tone in different vascular beds.
